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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve antithrombotic properties by setting the content of a soluble 
cyclic dimer to a polysulfone polymer in a porous membrane at the specified value for the porous 
membrane composed of the polysulfone polymer and polyvinyl pyrrolidone utilized in the fields of 
hemodialysis, blood filtration and the like. 

SOLUTION: In a porous blood treatment membrane composed of a polysulfone polymer and polyvinyl 
pyrrolidone(PVP), the content of a soluble cyclic dimer to the polysulfone polymer in the membrane is 
set at 1.0 wt.% or less. In the case the content of the soluble cyclic dimer in the membrane is set at 
the given value or less as described above, antithrombotic properties can be improved. For the PVP 
concentration of a membrane surface from the viewpoint of substance permeability, when PVP is 
contained too much, the lowering of pore radius of the membrane generated by swelling is remarkable 
and the permeation performance is lowered, while when it is too small, the filtration rate cannot be 
secured. The PVP concentration of the membrane surface brought into contact with blood, therefore, 
is preferably in the range of 25-50 wt.%. 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Polysulfone system blood processing film characterized by the content of the fusibility 
annular dimer to the polysulfone system giant molecule in this film being 1.0 or less % of the weight in 
the porous membrane which consists of a polysulfone system giant molecule and a polyvinyl 
pyrrolidone. 

[Claim 2] Polysulfone system blood processing film according to claim 1 characterized by the 
polyvinyl-pyrrolidone concentration in the blood contact surface being 25 - 50 % of the weight. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This inventions are blood purification and a thing especially used in fields, such 
as hemodialysis, hemofiltration, and hemofiltration dialysis, about the film aiming at removal of the 
wastes in blood by extracorporeal circulation. 
[0002] 

[Description of the Prior Art] In recent years, many membrane-separation techniques are put in 
practical use, and in order to separate the specified substance from the mixture of a liquid or a gas or 
to remove an impurity, various selection demarcation membranes are used. As a material of a selection 
demarcation membrane, generally the organic system macromolecule is used widely, for example, a 
polyacrylonitrile, a polyamide, polyimide, polyolefine, a polysiloxane, polysulfone, polymethacrylate, etc. 
are mentioned as a cellulose and synthetic macromolecule as naturally-ocurring polymers. Although 
the polysulfone system macromolecule is broadly used as an industrial use demarcation membrane 
especially, the reason is because the resistance which was excellent to chemicals, such as a radiation, 
heating, and an acid, alkali, is shown. Moreover, since it excels also in biocompatibility or safety, 
recently, it is observed also as a material of a medical-application demarcation membrane, and need is 
increasing. However, although the fusibility annular dimer of polysulfone is contained in the polysulfone 
system macromolecule as one of the by-products accompanying a polymerization and it is dissolving 
immediately after adjustment of a film production undiluted solution, it crystallizes with time 
henceforth and becomes an insoluble aggregate. When this was incorporated as it was and deposited 
on the film front face, the platelet was activated at the time of contact into blood, and there was a 
possibility of reducing anti-thrombus nature as a result. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the polysulfone system 
blood processing film which is excellent in anti-thrombus nature by making it an insoluble aggregate 
not included as a matter of fact on a film front face. 
[0004] 

[Means for Solving the Problem] In order that this invention persons may solve said technical problem, 
as a result of inquiring wholeheartedly, the amount of the insoluble aggregate which exists in that some 
fusibility annular dimers contained in 1 polysulfone system macromolecule crystallize with time, and it 
forms an insoluble aggregate and 2 film front face found out supporting the content of the fusibility 
annular dimer in the film. Although the detailed reason is not clear, when the content of the fusibility 
annular dimer to a polysulfone system macromolecule is high, the annular dimer which cannot dissolve 
in the chain of a polysulfone system macromolecule separates, and since it is unstable, that which 
condenses mutually and insolubilizes is presumed in a solvent. Therefore, when the content of the 
fusibility annular dimer in the film was below constant value, it turned out that the insoluble aggregate 
excels [ front face / film ] in anti-thrombus nature by private seal ** and such film as a matter of fact. 

[0005] That is, this invention is characterized by the content of the fusibHity annular dimer to the 
polysulfone system giant molecule in this film being 1.0 or less % of the weight in the porous blood 
processing film which consists of a polysulfone system giant molecule and a polyvinyl pyrrolidone 
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(henceforth PVP). The first component which constitutes the film of this invention is a polysulfone 
system macromolecule. It may be the aromatic series polysulfone system macromolecule which has 
the following chemical structure type (1) or the repetitive construct which made (2) the unit, and you 
may be the so-called polysulfone derivative with which the functional group and the alkyl group were 
added to the ring, and conversion polysulfone. In addition, Ar in a formula shows the bivalence phenyl 
group of the Para permutation. Especially the molecular weight of these polysulfone system 
macromolecule is not limited. 
[0006] 

-0-Ar-C(CH3)2-Ar-0-Ar-S03-Ar- (1) 
-0-Ar-S03-Ar- (2) 

Bisphenol A and dichloro diphenylsulfone which are the fusibility annular dimer contained in a 
polysulfone system giant molecule, and are a polymerization raw material condense the second 
component dyad every by turns, and cyclize it. A chemical structure type is shown in following (3). 
[0007] 
[Formula 1] 

I — O - A r - C (CH 3 ) j-Ar-O- Ar-SO s -Ar — i 



[0008] The content of the fusibility annular dimer to a polysulfone system macromolecule melts the 
film or raw material resin to a solvent, and it is computed by carrying out quantitative analysis of it 
with high performance chromatography. Since a fusibility annular dimer does not dissolve in the 
coagulation bath or wash water which are usually used at all but is incorporated in the film as it is 
when producing a film by the general wet spinning method, this content in the film becomes 1.4 - 2.0 % 
of the weight. By such film, the deposit of an insoluble aggregate may be seen on a film front face. 
[0009] Although, as for the film of this invention, hydrophilization of the film front face is carried out to 
homogeneity by PVP like the after-mentioned, since an insoluble aggregate does not contain PVP, a 
film front face will be dotted with a hydrophobic, strong part. Moreover, if a film front face is dotted 
with an aggregate, the minute turbulence of a blood flow may arise on a part, and shearing stress may 
be applied to a platelet. As these results, activation of a platelet takes place and it is thought that 
membranous anti-thrombus nature falls. If the content of a fusibility annular dimer is 1.0 or less % of 
the weight, an insoluble aggregate is not observed as a matter of fact on a film front face, but since it 
is not dotted with a hydrophobic part, there will be no possibility that anti-thrombus nature may fall. 
[0010] The method of obtaining the film with the low content of a fusibility annular dimer is not 
included under the category of this invention, but should just use a well-known means. However, film 
washing should be avoided, in order to carry out washing removal at coincidence, to spoil the 
hydrophilic property on the front face of the film and for a part of PVP to cause blood coagulation, if it 
washes after film production. After the approach of producing a film after refining commercial 
polysulfone is desirable, for example, dissolves a polysulfone system macromolecule in a good solvent, 
to a polysulfone system macromolecule, it is a poor solvent and there is a method of makjng a fusibility 
annular dimer reprecipitate in the dissolving solvent, and moreover, collecting them. Moreover, after 
dissolving a polysulfone system macromolecule in a good solvent, about 1 - 5% of moisture is added, an 
insoluble aggregate is generated compulsorily, and how to carry out judgment removal by filtration or 
centrifugal separation, the method of isolating preparatively further the fraction which does not 
contain a fusibility annular dimer with preparative chromatography, etc. are considered. Even if it 
chooses which approach, there is no inconvenience. 

[001 1] The third component which constitutes the film of this invention is PVP. The polysulfone 
system macromolecule itself has strong hydrophobicity, and it cannot get wet easily to aquosity media, 
such as blood or dialysing fluid. Moreover, a platelet is activated owing to hydrophobicity and blood 
coagulation tends to happen. Therefore, as blood processing film, hydrophilization of the film front face 
which contacts blood at least fully needs to be carried out. Even if it washes the film at a film 
production process, PVP is suitable as a neutral aquosity macromolecule which remains on a film front 
face to some extent, demonstrates a hydrophilic property, and moreover does not have an 
unnecessary electric charge. 
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[0012] On the other hand, the optimal range exists in the PVP concentration on the front face of the 
film from the point of matter permeability. If it exists superfluously, the fall of the pore radius of the 
film by swelling will be remarkable, matter permeability ability will fall, but filtration velocity is not 
securable even if too few. Therefore, as for the PVP concentration on the front face of the film in 
contact with blood, it is desirable that it is 25 - 50 % of the weight, and in order to gather the 
elimination factor of low-molecular protein, it is still more desirable [ concentration ] that it is 25 - 35 
% of the weight. It does not limit especially about a membranous gestalt and does not interfere by the 
flat film or the hollow fiber, either. However, in order to secure efficient matter permeability, it consists 
of a selection detached core which determines matter permeability, and supporters who maintain 
membrane structure physically, and, as for supporters, it is desirable that it is a vesicular structure. 
[0013] Next, it illustrates about a hollow fiber as one embodiment of the film which has said 
description. Although a polysulfone system macromolecule and PVP use a commercial thing, a 
polysulfone system macromolecule is refined by the reprecipitating method, in order to lower the 
content of a fusibility annular dimer. It dissolves in a good solvent, for example, N,N- 
dimethylacetamide, so that polysulfone system giant-molecule concentration may become 1 - 10% of 
the weight, and it is dropped into the ethanol which warmed this solution at 50-70 degrees C, and 
polysulfone is deposited. Since the fusibility annular dimer is dissolving in the supernatant, 1.0 or less % 
of the weight of a polysulfone system macromolecule is obtained for the content of the fusibility 
annular dimer to polysulfone by filtering precipitate liquid with a glass filter and carrying out stoving of 
the precipitate which remained on the filter. 

[0014] As a presentation of a film production undiluted solution, PVP consists [ a polysulfone system 
macromolecule ] of 4 - 10 % of the weight, and these solvents ten to 20% of the weight. Since the one 
where molecular weight is larger tends to remain on the film, as for PVP, it is desirable that weight 
average molecular weight uses 100,000 or more things. N,N-dimethylacetamide, N.N- 
dimethylformamide, a N-methyl-2-pyrrolidone, dimethyl sulfoxide, etc. are mentioned that solvents 
should just be a polysulfone system giant molecule and a common solvent of PVP. These can be mixed 
and used at a rate of independence or arbitration. Moreover, in order to adjust a coagulation rate, 
water may be added to extent in which a polymer does not deposit. 

[0015] Although it is necessary to use a hollow agent in order to make a hollow fiber form, especially 
this presentation is not limited. Although what mixed water, or a solvent and water at a rate of 
arbitration is desirable, even if it uses alcohol and a hydrocarbon, there is no inconvenience in any way. 
An above-mentioned film production undiluted solution and an above-mentioned hollow agent are 
introduced into a coagulation bath through discharge and air transit from the duplex spinneret which 
has an annular orifice. Water is sufficient as the presentation of a coagulation bath. If perform hot 
water washing, 10 - 50% of the weight of a glycerol water solution is made to adhere further and hot 
air drying is carried out at 70-90 degrees C for 10 hours or more after rolling round the solidified 
hollow fiber to skein and cutting it to fixed bundle length, the hollow fiber of this invention will be 
obtained. 

[0016] . 
[Embodiment of the Invention] Hereafter, although an example explains this invention to a detail 
further, this invention is not limited to them. In addition, many numeric values used in the example 
were measured in the following procedures. 

(Quantum of a fusibility annular dimer) The churning dissolution of the hollow fiber which freeze-dried, 
or the 0.1 g of the polysulfone system giant molecules was carried out by 100 cc of N-methyl-2- 
pyrrolidones. The liquid which filtered the solution by the disk filter made from Teflon (0.45 microns) 
was made into the sample. It acted as the monitor of the measurement on the wavelength of 270nm in 
an ultraviolet-rays detector, dipping N.N-dimethylformamide in a molecular sieve column (Showa 
Denko [ K.K. ] make: ShodexAsahipakGF-310HQ) by part for 0.5 cc/of the rates of flow as an eluate 
using high-speed liquid chromatograph equipment. The sample liquid of a constant rate was pourod in, 
it asked for the peak area for 14 - 15 minutes which comes out to an oligomer field, and the fusibility 
annular dimer content in a sample was computed from the calibration curve created using the fusibility 
annular dimer refined separately beforehand. 

[0017] (Observation of the insoluble aggregate on the front face of the film) The hollow fiber which 
freeze-dried was fixed at a level with a sample base, it sliced aslant, and a part of film internal surface 
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was exposed. After carrying out silver vacuum evaporationo, the insoluble aggregate's of internal 
surface existence condition was observed by one 2000 times the scale factor of this with the scanning 
electron microscope (made in Hitachi S-530). 

[0018] (Measurement of the PVP concentration of an internal surface) It fixed to the sample base, the 
hollow fiber which freeze-dried was cut open, and the internal surface was exposed. The nitrogen to a 
surface depth of 60A and the average concentration of a sulfur atom were measured with X linear- 
light electron-spectrum measuring device (PHI-5400 mold), and the PVP concentration of an internal 
surface was computed from the following formula (4). 
PVP concentration (%) =100xC1 xM1/(C1xM1+C2xM2) (4) 
The cable address in a formula shows many following numeric values. 
CI: Nitrogen atom concentration (% of the weight) 
C2: Sulfur atom concentration (% of the weight) 

M1 :P Molecular weight M2 of the repeat unit of VP: Molecular weight of the repeat unit of a 
polysulfone system macromolecule [0019] (Platelet adhesion trial) 50 hollow fibers with a die length of 
15cm were bundled, the small module was created, and this module was made to circulate through ten 
cc of heparinized Homo sapiens fresh blood for 15 minutes in a part for 1.0 cc/of the rates of flow, 
eating raw food — after washing a module — a hollow fiber — beating — carrying out 0.5% 
polyethylene-glycol alkylphenyl ether (trade name triton X100) content — eating raw food — it is 
inside, it ultrasonicated and the quantum of the lactate dehydrogenase (henceforth LDH) isolated from 
the platelet was carried out. The quantum of LDH used the LDH mono-test kit (Boehringer Mannheim 
and made in Yamanouchi), and computed it as LDH activity per film surface product. In addition, it 
compared with a specimen and coincidence using the film which does not contain PVP as positive 
control. 
[0020] 

[Related Example(s)] The polysulfone system giant-molecule (product made from Amoco — 1700) 1 
section was added to the N,N-dimethyIacetamide (following, DMAC) 9 section, and the stirring 
dissolution was carried out at 60 degrees C for 2 hours. It was dropped at the ethanol 100 section 
which kept the solution warm at 70 degrees C under stirring, and stirring was continued after 
termination for further 1 hour. Suction filtration of the reprecipitation liquid was carried out with the 
glass filter (G1 mesh), stoving of the residue was carried out after washing by ethanol, and the 
purification polysulfone system macromolecule was obtained. The content of this fusibility annular 
dimer was 0.3 % of the weight. 
[0021] 

[Example 1] The purification polysulfone system macromolecule 16 section shown in the example of 
reference and the PVP(BASF [ A.G. ] make: K~90, molecular weight 360,000) 4 section were added in 
the DMAC80 section, the stirring dissolution was carried out at 50 degrees C, and the film production 
undiluted solution was obtained. The hollow agent used the mixed liquor of the DMAC45 section and 
the water 55 section. It was made to breathe out from the duplex spinneret which kept warm this film 
production undiluted solution and a hollow agent at 50 degrees C, and rolled round to skein through 
the 50-degree C coagulation bath after air transit. After carrying out hot water washing of the bundle, 
the glycerol water solution was made to adhere 20%, hot air drying was carried out at 70 degrees C for 
12 hours, and the target film was obtained. The fusibility annular dimer content in the obtained film is 
0.2 % of the weight, and the insoluble aggregate was not observed in a film front face. The PVP 
concentration of an internal surface was 33 % of the weight. The LDH activity of this film is 15.0 U/m2. 
As compared with positive control (45.5 U/m2), it was low, and anti-thrombus nature was excellent. 
[0022] 

[Example 2] The purification polysulfone system macromolecule 12 section shown in the example of 
reference, the polysulfone system macromolecule 6 non-refined section, and the PVP(BASF [ A.G. ] 
make: K-90, molecular weight 360,000) 4 section were added in the DMAC80 section, and the stirring 
dissolution was carried out at 50 degrees C. Except the point using this film production undiluted 
solution, the film was altogether created according to the example 1. The fusibility annular dimer 
content in the obtained film is 0.9 % of the weight, and the insoluble aggregate was not observed in a 
film front face. The PVP concentration of an internal surface was 29 % of the weight. The LDH activity 
of this film is 18.4 U/m2. As compared with positive control (45.5 U/m2), it was low, and anti-thrombus 
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nature was excellent. 
[0023] 

[The example 1 of a comparison] When the film was created according to the example 1, without 
refining a fusibility annular dimer, the fusibility annular dimer content in the obtained film is 1.8 % of the 
weight, and the film front face was dotted with the insoluble aggregate. The PVP concentration of an 
internal surface was 28 % of the weight. The LDH activity of this film is 39.8 U/m2. It was high as much 
as positive control (45.5 U/m2) f and a high price intentionally as compared with the example. 
[0024] 

[Effect of the Invention] The polysulfone system blood processing film of this invention has the low 
content of the fusibility annular dimer in the film, and since an insoluble aggregate does not exist in a 
film front face as a matter of fact, it excels in anti-thrombus nature, without activating a platelet. 



[Translation done.] 
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[0 0 16] 

©Tttftv^. urn. &iMfl-effl^fc»Stttt. sat®* 

JlSJCT«!]«bfc. 

-t'DU h*> 1 00c cTj»^«?bfc. igffiM&Srx? 

p>Sf«T f i' (o. 455?n» "cat 

igLfci^>^ttfc. civ hif 

SJ : ShodexAsahipakGF-31 0 HQ) 
lCi£gffHfc<hbTN, N-y^fM^A75 F£flitj£ 
0. 5 c c/#T»ttL&**&. ***tfta»K*JW-* 
ftg2 7 0 nmTt^-tfc. -j£a0>-tf->X;Mfc£ 
SAL, *iJ=fv-«[«fc:mT<* 1 4~1 5^<DtT- 
i7ifi««:**. *6^i;*»li4KI8l/fc"I*tt8ll«=« 



[0017] <R»W©*8tt«**l©«*> 

UTi&rts?fii« -i&&mm2-£tz. mm%Lfz'&. 
fflm^ffla* (04 («o « s-530) icko, ®m2 

PVPIS {%) =100XC1XM1 

C 1 : ^^H^JtS (««%) 
C 2 : ffiE»S?«« (Sft%) 
M 1 : P VP<D»OigLa--y h-CO#7» 

M2 : #'Jx;p*>^iS» J fwglOiIun-^ hro»^ 

a 

[0 0 19] (**tttt*KM) ft£ 1 5 cm®*£# 
H£5 0#£:£laT/h^ : Evi-;i'£ffrifcU 
JHC'V/fJ >JUk h£rS¥ifti 1 0 c c £85)81. Occ/ 
#tCTl 5»W«SIS-&fc. 3.-;H£«5»« 
IC«t>3»jfelR*M»rU 0. 5X#'JXfl/>i"J3-;k 
7*+*7i=*I-fJl' (»ft*h>J h>Xl 0 0) 

flft*5i§B#i?6 (KT, £5£SLfc. LDH 

W5£Ste> LDHt/fXh + 7h U>#— • V 

>A-f A • lU^FWJ?) £«fl!U HBfS&fcOCDLD 
HfStttUTlfiiiLfc. fciJ, »tt*fRB£LTPVP* 

[0 0 2 0] 

[###|] tf'JvUI'^SSSSiH 5 ' (Amocott8:P 
- 1 7 0 0) 18B&N, N-y^f^7tH75 h* (£1 
T. DM A C) 98IUC}jnA. 6 0*CT? 2 BfF.SK jR^ttff 
bfc. 7 CCtC^ffl LfcX^/-;H 0 0SI5IC 

yL&m&rtyxyj )i<?- (cuv>a) 3 litis 

[0 0 2 1 ] 

16 85, *5«fctfPVP (BAS FttSS : K- 9 0. ^ 
S3 675) 4 8BSDMAC 8 OJSBC^JJPU 5 CCTif 
tf»»LTRRIIit»fe. +5SJWHDMAC4 5*t 
*5 5»©I^«Sfflk>fc. COS^^i + ^^J^S 
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[0018] (rt*ts©p vpisroi® a^ftjab 

ttfc. XIMfc^ X^? HUlftfgB (PH I - 5 4 0 
Ofi) C±0i6WffllS6 0*>yxhD-A*TO* 

(4) Ti^rt^fflroPVPJSK.SrJjCaiLfc. 
• (C 1 XM 1 +C 2 XM2) (4) 
0 , Ctc«raLfcxffiiMj*P&^5ttffl3i*. S"P^ffco 

«c»Lfc«. 2 0X^Uiz'J>****tt»3-B:. 7 0 

VPi8£te3 3ll%ffet)fc. Jl©Pj|©LDHtStttt 
15. OU/mi t»tt»BH (4 5. 5U/ra2) iCifc 

[0 0 2 2] 

1 2«£5lM*«©#y:*JI'*>**Sfl'?-6«. &J;tfP 
VP (BAS FttSS : K- 9 0, »^»3 675) 4«* 
DMA C 8 0 nlSlC^SUUT, 5 0tttR^iLfc. £ 

HO. 9ll%tfci). W«iBKtt*Wtt*iMfctt«* 
StUCJ^ofc. rtiI©PVPlglJ2 9ii%t$ 1 ^ 
fc. dcDIBKDLDHfgtttel 8. 4U/m2 iiMI 
(4 5. 5U/m2) KttlSl,Tte<, ffiJU&tt^flm 

[0 0 2 3] 

[jttt« i ] vimttMvi-Mwommz'tT t$:t>-r\zmm 

^^tt§*^l*^«tT^fc. ftStSWP VPiiS«2 
8li%T*^t. C©II(DLDH«14«3 9. 8U/ 
m2 tm*.**Bi (4 5. 5U/m2) * 

[0 0 2 4] 



